Exercise-induced translocation of protein kinase C and production of diacylglycerol and phosphatidic acid in rat skeletal muscle in vivo. Relationship to changes in glucose transport.
Contraction-induced translocation of protein kinase C (Richter E.A., Cleland, P.J.F., Rattigan, S., and Clark, M.G. (1987) FEBS Lett. 217, 232-236) implies a role for this enzyme in muscle contraction or the associated metabolic adjustments. In the present study, this role is further examined particularly in relation to changes in glucose transport. Electrical stimulation of the sciatic nerve of the anesthetized rat in vivo led to a time-dependent translocation of protein kinase C and a 2-fold increase in the concentrations of both diacylglycerol and phosphatidic acid. Maximum values for the latter were reached at 2 min and preceded the maximum translocation of protein kinase C (10 min). Stimulation of muscles in vitro increased the rate of glucose transport, but this required 20 min to reach maximum. There was no reversal of translocation or decrease in the concentrations of diacylglycerol and phosphatidic acid even after 30 min of rest following a 5-min period of stimulation in vivo. Translocation was not influenced by variations in applied load at maximal fiber recruitment but was dependent on the frequency of nontetanic stimuli, reaching a maximum at 4 Hz. The relationship between protein kinase C and glucose transport was also explored by varying the number of tetanic stimuli. Whereas only one train of stimuli (200 ms, 100 Hz) was required for maximal effects on protein kinase C, diacylglycerol, and phosphatidic acid, more than 35 trains of stimuli were required to activate glucose transport. It is concluded that the production of diacylglycerol and the translocation of protein kinase C may be causally related. However, if the translocated protein kinase C is involved in the activation of glucose transport during muscle contractions, an accumulated exposure to Ca2+, resulting from multiple contractions, would appear to be necessary.